Effective malaria vector control initiatives need a clear understanding of mosquito behaviour and its ecology. This study compared larvae development to adult emergence in insectary and malaria-sphere (SFS). This is the preliminary study which gives an insight to forthcoming studies. Anopheles gambiae sensu stricto eggs were hatched in insectary and transferred in densities of 20 and 50 per microhabitat with twenty replicates of each density. Both densities of larvae were reared in semifield structure and in insectary from the same batch of eggs. They were provided with tetramin fish food. In both densities of 20 and 50, pupation rate and time were found to be similar in SFS and insectary, but, in survivorship from larvae to pupae at density of 50, more larvae survived significantly to pupae stage in SFS than in insectary ( = 0.002). The adult emergence rates were similar for densities of 20 and 50 between SFS and Insectary. There was a significant difference between SFS and insectary in light intensity ( = 0.001) and temperatures ( = 0.001), with SFS having higher rates than insectary. The findings of this study have shown that larvae development rates are encouraging having semifield structures for malaria vector rearing for behavioural studies toward malaria control.
Background
Currently, malaria vectors control activities have succeeded in shrinking vector distribution map in different areas across Africa [1] [2] [3] . Malaria vector control programmes mainly involve insecticides treated nets and indoor residual spray programmes of which most are pyrethroid based [4] [5] [6] . The two methods have suffered major drawbacks due to mushrooming of pyrethroid resistance within vector populations [6] [7] [8] [9] [10] and vectors house entry behavioural changes [3] . Additional techniques such as larvae source management strategy [11] [12] [13] and mass trapping of adult vector outdoors [14, 15] have added value but not to zero vector population or malaria transmission.
Several behavioural studies such as trial of novel pesticides, repellent, fungicides, and treated materials need high number of mosquitoes from insectary to serve as control. In other studies, sterile insect technique (SIT), which is regarded to be environmentally safe for disease vectors control and very practical in isolated areas such as islands, needs very high number of mosquitoes for it to be realised [16] . In El Salvador, a range of 0.5 to 1.25 million sterile male pupae were released on daily bases from 1977 to 1979 during the SIT programme against Anopheles albimanus [17] [18] [19] . A million sterile males of An. arabiensis were released per day for one year, in Sudan [20] . This technique has been very impressive in Tsetse fly elimination in Zanzibar [21] . In all SIT trials, the success of the programme depends on massive release of sterile males. To achieve and maintain massive release of adults, mass rearing infrastructure which ensures high survivorship of the larvae to adult at sustainable and affordable production in African setting is therefore required. The immature stages 2 Advances in Zoology developmental rate quality is of significant importance in influencing emerging adults fitness [22, 23] and has adverse effect on adult survivorship, mating, host seeking, and flight ability [22, 24, 25] .
Therefore, it was the aim of this study to investigate the relevance of using SFS compared to insectary rearing of Anopheles gambiae s.s. by measuring survivorship from larvae to pupae, pupation, adult emergence rates, light intensity, and temperature.
Method

Description of Insectary and SFS.
This study was carried out in Muheza (S05.17041; E038.77873, 216M) using the mosquitoes insectary of National Institute for Medical Research (NIMR), Amani Medical Research Centre. The larvae rearing room has dimensions of 5.5 m length, 3.0 m width, and 3.0 m height in an insectary with total dimensions of 11.6 m length and 10.9 m width. The larvae rearing room is maintained at temperature of 28 ± 2 degrees Celsius and relative humidity of 78 ± 2%. The photoperiod is 12L : 12D. The temperature, relative humidity, and light in the insectary are maintained using the electric heaters, humidifiers, and bulbs throughout with uncovered window glasses.
The SFS used in this study is located at the same area. The SFS has been constructed to simulate a natural outdoor environment [26] . In SFS vegetation was allowed to grow as in natural environment with a small hut inside (2.74 × 2.74 × 1.83 m). SFS has dimensions of 12.2 m length and 8.2 m width [26] [27] [28] . SFS is covered with strong netting material allowing free wind flow and precipitations to mimic the natural climatic conditions. Photophase in SFS depends on natural sunrise and sunset.
Mosquito Colony
Rearing. Anopheles gambiae s.s. Kisumu strain (R70), which has been colonized since 1992, was used. The colony is susceptible to all kinds of insecticides approved by World Health Organisation Pesticide Evaluation Scheme (WHOPES).
Rearing of Aquatic Stages.
Two rearing systems were used for monitoring the development of aquatic stages of An. gambiae s.s. during this preliminary study. Semifield structure (SFS) and ordinary insectary were compared in this study. Mosquito eggs were hatched and, after one hour, first instars larvae were separated. Experiments had two densities of 20 and 50 larvae per replicate. Each density had 20 replicates reared in each system. Developmental time, pupation rates, and survivorship from larvae to pupae were monitored. Larvae were fed with fish food daily (manufactured by Tetra GmbH, Herrenteich 78, 49324 Melle, expiring on March 2015) at a rate of 0.0003 gm per larvae. The rearing bowls had a diameter of 5.6 cm and depth of 2.2 cm to mimic the small and temporal natural breeding habitats.
Survivorship from Larvae to Pupae and Developmental
Monitoring. From hatching day, larvae development was monitored daily by counting the larvae by age structure (i.e., the age of larvae from hatching day to pupae) as described elsewhere [22, 29] . After the first collected pupae, the pupae collection was done every morning and evening to avoid losing emerging adults [22, 29] , in both the insectary and the SFS. The pupae collected were placed in a paper cup with some water from their native bowl. Pupae collected were separated by replicates and days.
Temperature and Light Intensity in Structures.
Temperature and light intensity in both structures were recorded by Onset HOBO (Part Number UA-002-64, Patent 6,826,664). The onset HOBO was started at the beginning of experiment and switched off at the end of the experiments.
Statistical Analysis.
Data were recorded in Excel sheet and transferred to PWAS Statistics 18.0 (SPSS Inc., Chicago, IL) for analysis after being cross-checked. The Wilcoxon signed ranks test was used to compare the daily survivorship, pupation, and adult mergence rates between insectary and SFS for densities of 20 and 50. Microsoft Excel sheet was used for drawing the histograms and trend graphs. Comparison was considered significant when value was below 0.05.
Results
Survivorship from Larvae to
Adults. Larvae survivorship to adult was 81.8 and 86.3% in density of 20 and 90.2 and 81.6% in density of 50 for SFS and insectary, respectively. The survivorship of larvae at a density of 20 was not statistically significant between insectary and SFS ( = 0.255) while in density of 50 the survivorship to adult in SFS was significantly higher than in insectary ( = 0.002) (Figure 1) . In SFS the survivorship from larvae to adult took 16 to 17 days while in insectary it took 17 to 18 days.
Pupation Time.
In SFS, pupation in density of 50 was between day 8 and day 15 while in the insectary it was between days 6 and 11 ( Figure 2 ). Both pupation rates of 20 and 50 densities were not statistically different between insectary and SFS ( = 0.465 and = 0.176, resp.).
Adult Emergence
Rates. Adult emergence rates in insectary were 78.0 and 84.7% while for SFS they were 78.5 and 81.8 for densities of 20 and 50, respectively. The emergence rates for insectary and SFS at a density of 20 were not statistically different ( = 0.403). For density of 50, 84.7% adults emerged in insectary against 81.8% in SFS. Thus, there were slightly more adults emerging in the insectary, but this difference was not statistically significant ( = 0.053) (Figure 3) . 
Discussion
The results of this study have shown that mosquitoes rearing in African setting using SFS have more advantages in larval survival and developmental time when compared to the ordinary insectary. The larval survivorship in SFS have been found to convince that, large scale rearing of mosquitoes can be done in SFS than in insectary due to shorter larval development time.
The larval development rates to adult in high larval density in SFS compared to in insectary were unexpected based on the factor that insectary has constant temperature throughout the day (24 hr) which has been determined to be the most sensitive function for mosquito larvae development [30] [31] [32] . Larvae survivorship and development rely much on food quality and its availability, temperature, and light intensity [33] . Sunlight intensity and temperature are of importance for microbial community development and algal biomass photosynthetic process for food production, hence provision of high quality food for aquatic mosquitoes stages development and survivorship in seminatural ecology [12, [33] [34] [35] . In natural ecology, it has been found that An. gambiae s.l. prefers open shallow habitats which receives direct sunlit with no vegetation cover [36] . This ensures rapid algae biomass and bacterial growth and detritus decomposition, hence abundance food sources for larvae development. Algal biomass has been found to influence larvae abundance and development [11, 12] .
Pupation time and rate in this study have been observed to be similar for both densities of 20 and 50. This implies that both insectary and SFS have potential of larvae survivorship to pupation at equal rates. In natural population, shortened pupation time has influence on fitness of adult emergence and subsequent biological life cycle including predators avoidance [22, 23] . The influence of day time temperature in SFS had been attributed to the difference in adult emergence as it has been appreciated to be sensitive in pupae developmental process to adult [30, 31] . In spite of this difference, SFS is still of priority in African setting based on the following factors. Firstly, there are the high electricity bills to keep the heaters, humidifiers, and light on in insectary at this era of financial crisis. Secondly, Tanzania has been experiencing frequent power cuts and power rationing. Currently, there is increased insecticide resistance status among malaria vectors globally to common pyrethroids and other classes of insecticides used for public health vectors control [5, 9, 10, 37, 38] . Alternative methods of vectors control are now urgently needed to complement the control efforts achieved through indoor residual spray (IRS) and insecticides treated nets (ITNs) coverage. The wide coverage of ITNs and IRS programmes has influenced mosquitoes host seeking behavioural changes [3, 4] . These vector behavioural changes have caused outdoor malaria transmission due to forced exophily and repellence effect of insecticides indoors hence resting and feeding outdoors [3, 4, 38] . Another drawback is the increasing restriction of insecticide usage due to increased mortality of nontargeted organisms, increased toxicity to mammals, and other effects on biological systems [39] . Resistance to most of used insecticides globally and climate changes variability might lead to serious mosquito resurgence and reemerging of mosquitoborne diseases [40] [41] [42] [43] [44] .
In the light of currently existing mosquitoes control difficulties, alternative methods have to be suggested to complement the existing methods, such as genetic control (use of sterile mosquitoes). This method was previously found to be effective and environmentally safe for insect control that has been successful in controlling mosquitoes, tsetse flies, and agricultural pests [20, 45, 46] . Mosquito mass rearing in African setting is affordable as the current study has shown. Other studies in Kenya [26] and in Ifakara, Tanzania [47] , have shown that An. gambiae s.s. and An. arabiensis emerging in the SFS can survive for more than ten generations. Mosquitoes can propagate within the SFS which is an added value for the SIT trials and implementation in African malaria endemic area without much coverage of modern infrastructure to raise insects [47] . SIT application in African setting will be of added value as it is not compromised with insecticides resistance as other tools such as ITNs and IRS. For mosquitoes SIT has shown some promising achievements both in laboratory and in small scale trials [20, 48] .
Under the scope of this study, mosquito rearing of African malaria vectors, An. gambiae s.l., can be coordinated in SFS with expectations of sufficient mosquitoes production to meet demand for behavioural studies in control programmes.
Conclusion
This study has found that An. gambiae s.s. rearing can be as much efficient in SFS as in insectary, which in turn reduces the costs for mass rearing of mosquitoes for research or control measures. Further research has to be done on analysing the proportion of male to female adults in higher densities in SFS to facilitate the estimation for large scale production and costs realities.
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